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ABSTRACT

THE CHEMICAL MODIFICATION OF NECROGENIC AND
PROTEOLYTIC ACTIVITIES OF CROTALIDAE VENOM AND

THE USE OF EDTA TO PRODUCE A VENOM TOXOID

OBJECTIVE

To investigate the proteolytic activity, necrolytic activity, and
antigenicity of untreated venom and venom which had reacted with
ethylenediaminetetraacetic acid (EDTA).

RESULTS AND CONCLUSIONS

Agkistrodon piscivorus venom treated with EDTA lost ability to
digest casein. Neither sodium phosphate nor sodium bicarbonate re-
stored this ability. The hemorrhagic and nacrotizing activity of this
venom was essentially absent following EDTA treatment. EDTA
treated venom which did not produce necrosis and hemorrhage stimu-
lated the production of antibodies which neutralized the local atd sys-
temi'ic toxic activity of untreated venom.

RECOMMENDalrIONS

The usefulness of EDTA in the treatment of snakebit* should be
investigated and attempts should be made to isolate and characterize
the necrogenic and proteolytic components of snake venom.

Colonel, VC
Director, Division of Medicine

APPROVED.__
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Colonel, MC
Director



THE CHEMICAL MODIFICATION OF NECROGENIC AND
PROTEOLYTIC ACTIVITIES OF CROTALIDAE VENOM AND

THE USE OF EDTA* TOPRODUCE A VENOM TOXOID

L INTRODUCTION

The important observation of Deutsch and Diniz that EDTA in-
hibited venom proteinases has suggested the existence of a unique
class of proteolytic enzymes, and apparintly an essential role of
metnds in the a,.'ivi.ties of venom tozins (1, Z).

This communication demenstr&Zes the suppression of the ne-
crotizinu properties of Crotalid venoms by EDTA in the rabbit. The
effects of various parameters on the course of vevn inactivation by
EDTA are reported; furthermore, venom treated with EDTA was
shown to induce antibody formation -gainst the necrotizing and toxic
effects of native venom.

IL MATERIALS AND METHODS

Proteolytic activity was determined by the casein digenition meth-
od of Kunitz (3). Digesticn was carried out for -0 minutes at 35*C at
a casein concentration of 0. 5% in 0. 05 molar Tris-HC1** buffer at

pH 8, if not indicated otharwise. Identical blanks were used in which
the mixing of all reactants was quickly followed by the addition of tri-
chloroacetic acid. Proteolytic activity was terminated by the add.tion
of 3 ml of 10% TCA to 2 ml of reaction mixture. The suspension thus
obtained was filtered after 30 minutes and the optical density of the
rc.z,,ting filtrate was measured at 2800 A against the appropriate
blank.

Immunodiffusion analyses were carried out by placing 15 ml of
oterile Difco agar in plastic petri dishes of 10 cm diameter. The
agar was solidified in the cold and a center well 1 cm in diameter was
cut. Two to four peripheral wells, 0. 8 cm in diameter were located
4-5 mm from the center well. Solutions containing 10 m& of venom
per ml were placed in the center we1l, and noernal saline soluti-3ns
containing 100 mg per ml of rabbit immunoglobulins were placed in
the peripheral wells. The plates were incubated for 3 to 5 days at
ZZOC and then photographed.

*EDTA, disodium salt of ethylenediarrinetetraacetic acid.

Tris-, trie thydroxymethyl)aminomethane.



The ablity of rabbit antibodies to neutralize the hemorrhagic
activity of venom was determined by a method which was essentially
that of Kondo (4). . saline solution containing 2 mg per ml of venom
was added in equal parts to physiological saline containing 100 mg per
ml of rabbit immunoglobulin. As a control, I uvg per ml of untreated
venom in saline was prepared. Solutions with and without antibody
were incubated at 376C for I hour before injection and 0. 1 ml of the
venom-globulin mixture ard 0. 1 ml of the control were injected intra-
dermally into a depilated rabW.it. The animals were sacrificed 24 hours
after injecton and the skin waf Temoved an, the undersurface was pho-
tographed. Neutralization was indicated by compa-iion of the intra-
dermal hemorrhage at the control and at the area in which venom was
treated with antibody.

The titer of gamma globulin for venom toxins in the two groups
of animals was determined by the method of Gingrich and Hohsnadel
(5). Venom was dissolved in normal saline in a concentration of 20
LDS0 per ml for 18 to 20 gm female Swiss mice. Lyophoiina rabbit
globulin was dissolved i saline to a concentration of 100 mg per ml
and serial dilutions of this solution were prepared. A given quantity
of venom and serial dilutions of gamma globulin were combined and
incubated for 30 minutes at Z2'C; 0. 5 ml of these solutions were in-
jected intravenously into mice. Death of the animal within 24 hours
after injection was attributed to venom toxicity.

To compare the venom antigens of EDTA treated venom with
those of untreated venom, two groups of eight rabbits were immu-
nized. A *tries of eight injections, increasing in amounts, was
given each animal as described by Russell (6). Venom was dis-
solved in normal saline and added to an equal quantity of 4% soli-
urn alginate. The injection site was the sabcutaneous region of the
shoulder. Ten days following the last injection the animals were
exsanguinated and their serum collected. Globulins were colected
by precipitation with 35% ammonium sulfate. The precipitates were
dialyzed and lyopholized. During the course of immunihation, the
group of animals injected with untreated venom suffered 20% mor-
tality and the surviving animals receiving trtreated vanom suffered
severe local reactions and sloughing of tissue. Neither deaths nor
sloughing occurred 'n the group of animals imainuro-id with E.DTA
treated venom. There were tissue reactýuns in all animals and
septic abscesses developed in two animals receiving EDTA treat-
ed venom. These were controlled by surg;r.al draining and anti-
biotic therapy.
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ILL RESULTS

Casein Digestion. Tle digestion of casein by various concentra-
tions of venoms, during a 20-minute interval at 35"C, is shown in Fig-
ure 1. This curve served as a standard in assessing the effects of
ions and chelating agants on proteolytic activity in reaction mixtures
differing with respect to venom activity, ion content, and concentra-
tion.

Th e20rature, Time, and Concentr.ion Dependence of
Proteinase Inactivation by EDTA. The time required, at 35C, for
different concentrations of EDTA to alter the level of activity of the
venom enzymes which digest casein is shown in Figure 2. The pla-
teaus obheerv ad between 0. 66 mM WIA and 1. 6. mM LrDTA appear
to indicate the presence of at least two venom enzymes which digest
casein and which differ in their sensitivity to EDTA inactivation.

A similar pattern of inactivation was observed when the digestion
time was doubled. Casein was digested by botL enzymes and the rate
of digestion during the second 20 minute interval did not differ greatly
from that observed during the first 20 minute interval.

Venom toxoids were produced by reacting venom with 10-2 molar
ELDTA at 35*C for 2 hours at pH 7. 5. The proteolytic activity of venom
on casein following this treatment is shown in Table 1. In order to de-
termine the weakened proteolytic activity of venom preparations used
as antigens, casein digestion was continued up to 30 minutes. These
data show that casein was digested following the treatment indicated,
and show again the existence of enzymes which digest casein aad which
are comparatively resistant to EDTA inactivation.

EDTA inactivation of venom pro.einases was temperature de-
pendent. The extent to which temperature irfluenced the inactivation
of these enzymes by EDTA is shown in Figure 3.

The Digestion of Casein r', Venom Proteinases in the Presence
of Combinations of NaCl, NaHCO3, and FDTA. The data in Table 2
show the extent to which casein digestion was altered by the presence
of sodium bicarbonate, and by sodium chloride in solutions with and
without EDTA. In the preparation of sodium bicarbonate solutions,
the hydrogen ion concentration was not permitted to drop below pH 8
(Z). In testing for stimulation of proteolytic activity or for the al-
leviation ca ZDTA inhibition, bicarbonate oolutione wer. added to
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solutions of casein or venom which were buffered at pH 8. The vari-
ous components tested were reacted with venom at 35*C for 15 min-
utes, and the final concentration of EDTA in these solutions was 3. 3
raM.

Differences in casein digestion in the presence and absence of
bicarbonate are of a magnitude which fall within the limita of experi-
mental error. Neither NaHCO3 nor NaCI produced a significan.t al-
teration in EDTA inhibition.

The efiect of phosphate on the XDTA inhibition of venom pro-
teinases was reinvest:gated. The data in Figure 4 show that under
the conditions of this experiment the addition of a second possible
ligating _anbhst'an- to selhl_#,.n,, ef Yea= ,.---A, ETA. i..=7w.•=a ra-tbar

than diminishes the proteinase activity of such solutions.

The Effect of EDTA on the ALilty of Venom to Produce Intra-
dermal Necrosis. A typical hemorrhagic lesion produced by the intra-
dermal injection of venom is marked as control in Figure 5. This
hemorrhagic area was produced by 500 pg of venom injected in 0. 1
ml of saline. This quantity of venom gave an optical density of only
0. 39 at 2800 A in the standard proteolytic assay.

The hemorrhagic areas shown in the top row of Figure 5 were
each produced by the same quantity and volume of venom used f'.r the
"control" but the venom used for injection in the areas marked with
time intervals were incubated with EDTA. The time intervals denote
the length of time venom reacted with EDTA at 350C before injection.

A Comparison of Immunochemical Reactions of Untreated Venom
and the ImmunoSlobulins of Rabbits Inoculated either with Untreated
Venom or with EDTA Treated Venom. The gross similarity among
immunoglobulitni from rabbits immuizised with EDTA treated venom
and untreated venom was revealed in the immunodiffusion pattern
shown in Figures 6a and 6b. The prominent confluence of numerous
precipitation bands emphasised the similarity in antigenic structure
of the non-necrotizing EDTA treated venom aud the highly necrotizing
untreated venom.

This similarity in antigenic structure was vmtnhasized again by
the observation (Fig. 1) that antiserum from a rabbit immunised with
the non-necrotising EDTA treated venom neutralized the necrogenic
activity of untreated venom. Using the intradermal skin test, the

4



antiserum produced in response to the EDTA treated venom was in-
distinguishable from the antiserum produced in response to the un-
treated necrotizing venom.

The ability of antisera to neutralize the lethal toxicity of venom
ivjected intravenously was investigated in the mouse. A group of
rabbits were inoculated with untreated venom and another group was
prepared by 3S% (NH4 )2 SO4 precipitation from the serum of each group
and it was dialyzed, lyoplolised, and finally mixed in solution with un-
treated venom. The LD5 0 of these solutions are compared in Table
3. It was observed that the immuno-response; to EDTA treated and un-
treated venom with respect to neutralization of lethal toxicity was es-
sentially tho seare. The responses observed with both types of venom
distinguished the sera of the inoculated group from the sera of rabbits
which were not inoculated with venom.

IV. DISCUSSION

The proteolytic activity of Crotalid venom is inhibited by chelat-
ing agents (1), but this activity is not significantly diminished by di-
alysis. These observations suggest that the enzymes of venom are
metallopro~eins rather than metal protein complexer, (7).

Inhibition of metalloprotein enzymes by chelating agents may

occur in consequence of the displacement of an essential metal from
the enzyme by the chelating agent and in consequence of the occupancy
of an essential coordinate position on the protein bound metal by the
chelating agent. In both nechanisms of inactivation the ligand, che-
lating agent, functions as an electron donor and the metal as an elec-
tron acceptor. From these considerations it would appear unlikely
that inhibition by a given ligancL would be reversed by the addition of
a second Uigand.

Phosphate and sodium bicarbonate, like EDTA, may act as
ligands and in this capacity react with or remove enzyme bound
metal. Yet, Philpot and Deutsch (2) and Philpot (8) state that phos-
phate and sodium bicarbonate alleviate (1) inhibition of venom pro-
teinases by EDTA.

Because of the difficulty in viaualising a mechanism whichw(Mld
account for such an antagoni-sm of EDTA inhibition by other ligands,
the question of the effect of MUL)TA on venom proteinases was reinvesti-
gated.



The inhibition of enzyme activit-jI y a chtlating agent is pre-
sumptivo evidence that a metal is eseential to that activity. It may
be imagined that a given mo-talloensyme would e--ince a characteristic
inactivation rate at various toncentratiovs of chelating agw.ts. On
this batis, the data in Figure Z show that .t least two enSfmes or
groups of enzv/mos are active in the digestion of casein by venom.
These enzymes are distinguished by a dWfaerenct in their sensitivity
to EDTA inactivation, and tais difference appears as the sharp break

3a the curves of Fsiure 2. and in the broad plateaus rpparent at EDTA

concentration above 0. 66 mLM.

In this stu'y, contrary to the reports of others (1). -DTA did not

completely inhibit the proteinases of the cottonmouth moccasin. In an
attempt to produce a venom twioid which caused little or no dermal

necrosis, venom was reacted with relativel'f high concentrations of
EDTA for several hours at 370C, but this venom continued to show

proteolytic activity on casein (Table I) although it was minimally

necr ogenic.

The strong temperature dependence of EDTA inactivation (Fig.

3) ma- suggest that lose of activity. if the chelating agent reas.ted
rapily with the metal of the enzyme, results from a denaturation

represented by a conformadional change in the enzyme. The use of
radioactive labeled EDTA in a study of its possible fixation to enzyme

prc'ein may be of value in elucidating the mechanism of this inactiv•a-
tion, as well *s elucidating the stzength of a possible metal to protein

bond.

It has been reported that EDTA inhibition of venom proteinases
was reversed by physiologically ubiquitous Ions such as phosphate

and sodium bicarbonate (1, 8). One concluuior. to be drawn from
these reports was that while EIDTA inactivated some of the toxic
components of venom under certain in vitro conditions, it would be
unlikely that this chelating agent could inhibit the action of these
toxins in vivo. However, as stated above, the notion of the alleviation

of EDTA inhibition by other ligands was difficult to rationalize in terms

of known chemical mechanisms.

The effect of phosphate and of sodium bicarbonate on venom en-

zymes which digest casein therefore was reinvestigated. Figure 4
shows t.e effect of phosphate on the digestion of casein and on the

EDTA inhibition of caseinase activity. Here it was apparent that
less proteolytic activity was mafiested in solutions containing phos-

phate and EDTA than in solutions containing only EDTA. The preoence
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of phosphate appeared to potentiate EDTA inhibition rather than reverse
such inhibition. The effect of sodium bicarbonate ion and of sodium
chloride on EDTA inhibition of venom proteinases was explored. Table
2 shows that EDTA inhibition of these enzymes was reversed neither
by sodium bicarbonate alone nor by sodium chloride. In the absence of
EDTA casein digestion was unaffected by sodium chloride and by sodium
bicarbonate.

In this study, the inability to observe a reversal of EDTA in-
hibition by phosphate and sodium bicarbonal e suggested the possible
value of chelaLing agents in the inactivation of venom in vivo. Pre-
liminary to su,:h an investigation, venom and EDTA were mixed in i
test tube and tl.e solution was maintained at 35"C with periodic sam-
pling. Thece samples o0 venom with EDTA were injected intradermal-
ly at various tOrnes after mixing. ft is apparent from Figure 6 that
venom constituents responsible for intradermal hemorrhage were in-
activated by reacting with EDTJ# and that this inactivation was decidedly
time dependent and analogous to proteolytic enzyme inactivation by
EDTA.

A major difficulty in the use of native venoms as antigens in the
production of potent antivenins is the extensive local hemorrhage which
occurs at the site of injertion (9). The observation that EDTA treated
venom faized to produce extensive hemorrhage suggested the use of
this chelating agent for the production of a venom toxoid as well as
ifor the treatment of snakebite (10). It was speculated that the pre-
ponderant surface of the metal containing protein molecule might not
be altered appreciably by a reaction between the metal and this ligand.
If such an extensive alteration did not occur, then antibodies against
the non-necrogenic EDTA treated venom might react with native venom.

Untreated venom and venom which had reacted with EDTA were
mixed with Na-alginate adjuvant, and rabbits were inoculated with
these preparations. Following this treatment serum was obtained
from the rabbits with antibodies against EDTA treated venom and
againit non-treated venom.

The considerable similarity of the antibodies produced by non-
necrotizing ZDTA treated venom and the necrotizing non-treated venom
was revealed by the similarity and confluence of precipitation bands in
immuraodifusion analysis (Figs. 6a and 6b) and by the ability of anti-
bodies against EDTA treated venom to neutralize components of native
venom which produced local necrosic (Fig. 7) and against those which
produced systemic intoxication when injected intravenously (Table 3).
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V. SUMMARY

Venom treated with EDTA lost the ability to produce intradermal
necrosis.

EDTA treated venom was capable of stimulating the production
of antibodies which reacted with and neutralized toxins of untreated
venom.

Neither sodium bicarbonate nor phosph-te retversed the EDTA
inhibition of proteolytic enzymes of Agkistrodon piscivorus venom.
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.1
60 MIN
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Fig. 2. The i.ahibition of proteolytic activity of venom as a function of
EDTA concentration and as a function of the time of reaction betwe-en
EDTA and venon. before the addition of casein. Reaction mixture: 0. 1
ml veilo-n (10 mg/m1 H70), 0. 5 ml 2 molar tris-HCl, and 0 ml to 0. 5
ml of 330 mM EDTA or H2 0. After incubation at 35"C with EDTA for
the indicated time 1. 0 ml of caaein in 0.05 U tris-HCl was added and
digestion occurred for ZO minutes before the addition of TCA. Venom
and casein were together before the addition of casein for the time

shown on each curve.
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Fig. 3. The effect of temperature on the EDTA inactivation of venom
proteinase. EDTA reacted with venom for 1 hour at pH 8 at the tem-
peratures indicated in solutions 2 mM in EDTA containing 7. 5 mg of
venom per ml. All reactants were dissolved in 0. 05 molar tris-HCI
buffer and in the control solution buffer was substituted for EDTA.
Following incubation aliquots of these solutions were mixed with case-
in to give reaction mixtures 0. S% in casein, 0. 2 mM in EDTA, and
containing 0.75 mg venom per ml. The values on the ordinate repre-
sent the fraction of proteolytic activity present following incubation
with EDTA for I hour, and the values on the abscissa show the tem-
peratures at which incubation took place. The points are the average
of two determinations and the line is arbitrarily drawn.
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.41
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mM EDTA IN INCUBATION MIXTURE

Fig. 4. The effect of phosphate on the EDTA inhibition of venom pro-
teolytic activity. Solutions of phosphate, EDTA, and phosphate with
EDTA were prepared. These solutions contained 7. 5 mg of venom
per ml, and were kept at 35"C for I hour. Proteolytic activity was
then determined in reaction mixtures containing 0. 75 mg venom per
ml and 0. 5% casein. The values on the ordinate are the optical ien-
sities observed in TCA filtrates following Ze-minute digestion, are
the values on the abscissa show the concentration of EDTA and phas-

phate in each incubation rnixturo tested. Phosphate only, -- ;
EDTA only, •--; and EDTA with phosphate, U.
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Fig. 5. The time course of EDTA inacta. D of the hemorrhagic ac-

tivity of snake venom. The lesions in the upper row were produced by
0. 5 rq of venom in 0. 1 ml of physiological saline, in the lower row
one-half of this quantity of venom was used. The venom solutions in-.
jeczt as control contained no EDTA. Venom solutions at i0-2 molae'

EDTA were derignated by time inter -ale which denote the length of the

perioad following the mixing 1f venom and EDTA at 37"C before injec-

tion.
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Fig. 6a. An immnunodiffusion analysis of antibodies produced by un-
treated venom and venom treated with EDTA. Solutions of antibodieti
stimulatod by untreated and EDTA treated venom aze designated re-

spectively NVG and EVG, the solution of untreated venom is designated

NY.
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Fig. 6D. An immunodiffusion .nalysis of antibodies produced by un-
treated venom and venom treated with EDTA. Solutions of antibodies
stimulated by untreated and EDTA treated venom arp designated re-
spectively NVG and EVG, the solution of untreated venom is designated
NV.

16



14

10

to0

=0

174



TABLE 1

The Digestion of Casein by Venom Preparations Used as Antigens

Digestion Time Mg Venom per ml OD 2800 A OD 2800
Minutes Reaction Mixture with EDTA no EDTA

20 0. 25 .045 . Z48
it 0.50 .045 .344

40 0.25 .073 .370
"" 0.50 .100 .456

60 0.25 .093 .415
"if 0.50 .116 . 567

A solution of 10-2 molar EDTA, pH 8, containing 5. 0 mg per ml of
venom was incubated 2 hours at 359C and then proteolytic activity on
casein was tested as usual at digestion times indicated above.

TABLE 2

The Effect of Various Combinations of EDTA, NaHCO 3. and NaCI
on the Digestion of Casein by Moccasin Venom

Venom EDTA NaHCO 3  NaCI H20 2800)A
ml ml ml ml ml OD

0.5 0 0 0 0.5 0.28
0.5 0.3 0 0 0.2 0.14
0.5 0.3 0.1 0 0.1 0.16
0.5 0.3 0 0.1 0.1 0.14
0.5 0 0.1 0 0.4 0.26
0.5 0 0 0.1 0.4 0.29

The solutions described above were kept at 35*C for 30 minutee ihen
one part of venom was mixed with one part of 1% casein. 1. 0 molar
NaHCO 3 , 1. 0 molar NaCI, and 0. 1 molar EDTA solutions were used.
All reactants were at pH 8 in 0. 05 molar tris-HCI. The venom solu-
tion contained 1. 0 mg of venom per ml.

18



TABLE 3

A4eutraliza ion )I the Lethal Tuxicity of Vetiom by Immune Globulin
Obtained from Rabbits Inoculated with Untreatedand EDIA

'"reated Venom of Agktstrodon Piscivorus

Globulin No. Mice No. Mice
G1lobulin Type Concentration Injected Survived

(m,/ml)

U 50 a 8
U 37 8 0
U 25 8 0

EDTA 50 8 4
EDTA 37 8 0
EDTA 25 8 0

Each solution indicated above contained 10 LD5 0 per ml and mice
were injected with 0. 5 ml of these solutions. Venom was mixed
with globulin and the resulting solutiois were kept at 32*C for 30
minutes before injection. One hundred mg of U-globulin neutral-
ized 20 LD 5 0 of untreated venom, and 100 mg of EDTA-globulin
neutralized 16 LD5 0 of untreated venom. U-globulin was the im-
mune globulin obtained from rabbits inoculated with untreated
venom and EDTA-globulin was the immune globulin obtained from
rabbits inoculated with EDTA treated venom.
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CC. US Aray Coebat Developaent Command. Combined Arms Group., Ft. Leavenworth. Kan.

CD. US Army Combat Development Conmand. Material 3vc. Ft. Sam Houston. Ton.

CD. US Army Combat. Do.,uloeest Coaoand.Quartersaauter Corps., Ft. Leo. Va.

CO. US Army Coebat Deveiop8ist Command. L.q1inoenrinq Connand. Ft. Bolvoir. Va.

Co. US Army Ceoemmad & Gemnerc Staff College Library Ft. Leavenworth. Kan.



ARMED FORCES - HOSPITALS Cos t,.

DISTRISJT. ON

CO. Ireland Army Hospital. Ft. Ksno. ry.

CO. Irwsi Army Hospital. Ft. Riley. iern.

CM. leaner Army Hospital. Ft. Lee. Vs.

CO. gImbrouqb Army Hospital. Ft. George G. Need*. Nd.

CO. Kirr A.my Hospital. Aberdeen Proving Grouad. Nd.

CO. McDoald Army Hospital, Ft. Eustis. Va.

CO Nartin A y Hospital. Ft. boaming. Ga.

CO. Nuson Army Hompita.. Ft. Leavenworth. gas.

CO. goable Army Hespisel. Ft. NcClollam. Ale.

CO. PVttersoa Army Hospital. Ft. Nommouth. N. .

CO. gaison Army Hosps:oi. Ft. Din. N. .,

CO. Walter Reed General Hospitai. Washkigton. D. C.

CO. omeack Army Hospital., Ft. Bragg. N. C.

CO. US Army Hospital. Ft. Benjauin Harrisoe. Indianepolis. Ind.

CO. US Army Hospital. Ft. Camphell. Ky.

CO. US Army Hospital. Ft. Carmom., Colorado.

CO. US Army Hospital. Ft., Dix. w. j,

CO. US Army Hospital. Ft., Devous. Mass.,

CO. US Army Hospital. Ft. Gordon. Ga.

CO. US Army Hospital. Ft. Hood. Tex.,

CO. US Army Hospital. Ft. Jackson. S.C.

CO. US Army Hospital. Ft. Jay. N, Y.

CO. US Army Hospital. Ft. Leonard Wood. No.

CO. US Army Hospital. Ft. McPherson. Ge.

CO. US Army Hospital. Ft, NocArthur. Calif.

CO. US Army Hospital. Ft. oear**. Vs.

CO. US Army Hospital. Ft. Ord. Calif.

CO. US Army Hospital. Ft. Polk. La.

CO. US Army Hospital. Ft. Racker. Ala.

CO. US Army Hospital. Ft. Sill. Ohlo.

CO. US Army Hospital. Ft. Stewart. Go.

CO. OS Army Hospital. Ft. oliters. Tex.

CO. US Army Hospital. Coop Leroy ]ahosos. 9e, Orleans. La.

CO. US Army Hospital. Duqwey Proving Ground. Utah.

CO. US Army Hospital. Redstome Arsemal. Ale.



ARMED FORCES Cost.

DISTRIBUTION

CO. US Army Electronic Proving Ground. Ft. Huachuca. Ariz.

CO. US Army Electruaics PAD Laboratories. Atts: SELRA-cDA. Ft. Monmouth. N. 3.

CO. US Army Engineer PAD Command. Ft. Belvoir. Va.

CO. US Army Enviruaseqtel Hygiene Agency. Edgoweed Arsenal. Md.

CO. US Army LUioiso Group, Project Michigan. Univ of Mich. Ann Arbor. Mich.

CO. US Army Medical Liaiseo Dr. Attn: Surgeo. Gorges Hoop. Balboa Uts. Canal Zone.

CO. US Army Medic-l Res.; 0U-trition Lab. Fitneimeons Geo.al HRap. Deaver, Colo.

CO. US Army Medical H-esarcb unit. Ft. Clayton. Canel Zone.

CO. US Arm) Medical heseatch Unit. Inst for Medical Research Koala Lumpur. Malaya.

CO. US Army Medical Research Unit. Ft. Detrick. Md.

CO. US Army SIdical Research Unit. No. 1. APO 180. Nao York. N. Y.

CO. US Army i smile Support Coed. Atte: SIIDW.UO. Redstone Arsenal. Ale.

CO. US Army Ordnance Arsenal. Frankford. Philadelphia. Pa.

CO. US Army Personnel Research Office. Washington. D. C.

CO. US Army Research Ist of Environmental Modicies. Natick Labs. Natick. Mase.

CO. US Army Tropical Reoearch. APO 51. Noe York. N. Y.

CO. US Aviation HNam Research Unit. Ft. Racker. Ale.

Dirsotor of Research. W3 Army Air Defense Hamm nRo Library, Ft. Bliss. Teaxs.

Director of Research. US Army Isfac:ry Human Res Unit. Library. Ft. Deaning. Go.

Director of Research. US Army Leadership Human ROe Unit Library. Prosidiaof Nonterey. Calif.

DireCtor. US Army-SEA1.O Me Research Laboratory. APO 146. San Francisco. Calif.

Director. Velter Rsed Army last of Rem. Walter Reed Army Mod Center. Washington. D. C.

Nitorical Unit. US Army He! Svc, Wafter Army Med Center. Washington. D. C.

Office of the Chief Psycbi a Ngero cosalteat. SGO. Waehimgtoa. D. C.

Office of the Pir. DivAsi•qofxoarophy. Welter Reed Army Inest of Reo. Waehington. D. C.

Post So-Vns. 9S Army Dispessary, SprLnqftold Armory. Springfiold. Mass.

senier Medical Adviser. RHg KIAG, APO 102. Son Francisco, Calif.

Welter eed Army Inet of Rem. Dept of Azomic Casualty Studies. Washirgtos. D. C.

HOSPITALS

C0. Brooke Geeoral RBspital jedicel 1wieary. Ft. Sen Houston. Tea.

CG. Lettermwa General Hospital. Presidia of Son Francisco. Calif.

CG, Hedigae General Heopital. Tacome. Wesbisgtaa.

CG. Williaem eaumeot General Hoepi:al Library, E- Pasi. Toe.

CO. Bassett Army Hospital. Ft. Jonathan Wainwright. Fairbanks. Alaska.

CO. Dewitt Army Nospital. Ft. Be weir. Va.

CO. Dashes Army Hospital. CarlAsl Dafrracks. Ps.



ARMED FORCES-HOSPITALS Coat.

DISTNIRITION

CO. US Army fonpitil. Sierra A-my Depot. Herloag. Calif.,

CO. US Army Hospital. White Sands Missile Rang.. N. Man.

N.'.V Y

Aviation Medical Accelerat~on Lab. US Naval Air Development Ceot. Johnsville. Pa.

Aviation Psychol Laboratory. US Noval School of Aviation Medicine. Pensacola. l'ia.

Bureau of Naval Weapons. Uashington. D. C.

Chief. Burean of Yards wad !cks. Washington. D. C.

Chief of Naval Aar ?-. earth Training. Glenvie,. I11.

Ckief of Naval Air ?ochnical Traiming. US Naval Air Station (75). Memphis. Tens.

Commander. Naval Missilo Center. Tecbmaca; Library. Point Mugs. Calif.

CO. Navel Air Nateriel Cester. Tecbnical Library. Philadelphia. Pa.

CO. US Naval Civil Engineer Lab. Pert Seomeme. Calif.

CO. US Navel Medical Field Research Lab. Library. Camp Lojuene. N. C.

CO. US Naval Ordnance Test Ste. Stetion Hospital. China Lake. Calif.

CO. US Navel Rodielogical Defense Lab. Sen Francisco. Calif.

Director. Aerospace Crew Equipment Lab, Naval Air Eagr Center. Philadelphia. Pa.,

Director Research Divisiom (71) Bureau of Medicine G Surgery. Waahimgtea. D. C.

Uirector. US Navel Renearct Laboratory. Code 2027. Washington. 0. C.

Director of Laboratories NMS. National Navel Medical Center. Bethesda. Nd.

Office of Naval SRe Sr. Docnment4Tecb Infer. Box 39. NevylO0. Fleet PO. Naw York. N. Y.

Office of Navel Research. Code 454. Washimgton. D. C.

Officer in Charge. Expor Diving Unit. US Navel Ste. Navy Yard Amass. Washington. D. C.

Officer is Charye. Operatiosm Evaluations Group. Washimgton. D. C.

Special Assistant. 5edicel Allied Sciences. Wasklhgto. D. C.

Tocknical Reference Library. Naval Med Rea Isat. Nat'l Naval Ned Coeter. ethendes, Nd.

US Naval Research Laboratory. US Navel Submarine Dees. Nem Lomdon. Gratem. Conn.

US Navel Supply Res & Development Facility. Library. lsyeame. NMo York.

US Navel Training Device Center. Code $4. Port Waskingtom. K. Y.

US Navy Medical Meurapsychiatric Research Unit. Sam Diego. Calif.,

US AIR FORCE

Air Defense Coed. Eat Air Force Bese. Colo.

Assistmt for Ground Safety. US Air Force. Wanhimgton. D. C.

Coodr. Rose Air Developmeat Center. Ctiffisn A0S. N. Y.

Coodr.. 6570 AWL (HISA) Wright-Patterson A'3. Ohio

Condr. 6570 AWL (1MINR) Wright-Pettoreom AMl. Ohio

Condr. 6570 AdL (MRSU WrigLt-Petterse. AFS. Ohio

Condr. Wilford NaIl. US Air rorLe Mospital. Lakhlead Afl. Tom.



MEDICAL COLLEGE/SChOOL LIBRARIES AND DEPIS Cost.

DI3hRIBIWGN

Vail of Virginia. Medical Library. Usiv HNopital. Charlottesville. V:,:

goiV of Virginia. Paycheloqy Departmemt. CherlottonviIts. Va.

luiv of Waohiogtoo. Health Sciences Library, Seattle. Wash.

Daly of fisconaia. Medical School Library. MHdiaoa. Wis.

Ualy of iaceaasiu. Paychology Studies Divisine. Modias.. Wis.

Wary" State Uoiv. Mediral Library. Detroit. Mich.

Besa Virginaa Duea, Medical Coater Library. Mergaatowa. W. Va.

Tale Vail. Scihool of Medicie. Oteloqic Research Laboratory. lio Mesven. Cooe.

Xavier Univ. &-parts"t ef Paychology. Clacivnati. Ohio

rOREIGN

Accessalma Dept. NotI Leadiaq Library fordci Tack. Meaton SPA. Terkabiro. England

American Embassy. Tb. roreivaSvc of America. Attn: Asat Nod Attachk. Leaden. Eagleid

British Army Modical Liaison Officer, British Eaboasy. Wasbinqton. 0. C.

Britiah Navy Staff Officer. leajesia Fremkisa Ste. Atto: F.P. Ellis. WUebinltoe. 0.C.

Coeadiau LialeesOfficar. Office ef the Surge.n Caears!. Washialtoa. 0. C.

Cheater Healt! len last. Royal Cmoctr Heop, Alto: Peter Ales, aor. Laedeo. Eaglead

Comamder P. N. flanel. NMd CL Chef De La. Marieo. Peris. Fraee

Defence Research Member. Camedl•e Joist Staff. Waasbialte. 0, C.

Dr. Muge Arealo. Mospital Ellitar Central. Assamad.. fareqacy.

Dr. At. I. Briablceab. Chaou Defeanzo CEop. gat. Pert" Dean. Saliahucy. Wilts. ECglanm.

Dr. Mortti J. Kervome-. Dir Pby'el Dept. The lost of Occop MHalth. Nelalai. Fiai,-d

Dr. ao Nerwell. Doept of Histolewy, toroliaska alot, Stockhelm. Saede&

Dr. G. M. Wyudbha. D0r Appl Phytioa Lab, 1 & O.F.S. Chamber ef aHte. Jobuao . S. Africa

CIchil Mqeshbi Eats tlafo Sec. The Met'l lost of AniAal oealth, Tokyo. lapon

rcualo de Samidea Mullter. V. Edd Smiter. Alto: Camote G. C. ?io. /munciw , Parpoay

GaaO." Military Attech..red'!i Lsot-y f DefWan. hwAiagto., D. C.

lost of Clisical Caper Surgery. Altt: Dr. Liebe. Prague. gro. rCmochooledakia

last ol Caper oedsSarg. Atts: Dr. veis Selye. Dir Vail of Meatroal, neotreal. CORWd

last of Phyieoloqy., tiv of Pies. Altto: Gaiseppe Moruai. Pies, Italy

Laebratory of General Pathology Therea". Atta: Prof ZeQe. S. Bce, Liege. Belgiua

Medical Scienace Library, Usiversity of Alberta. Udsatom. Jt|•ow CýXeda

Unfold Uail. Depertuoot of Mas Anatoay. Atto: Dr. A. R. Lima. -2Lo6d. Enaglead

Prof D. Moamati. Dir last do Ciaciga riileloqau, Matoleoidao. groquan

Prof I. I. Ditchblra, j. 3. Toeapoa Phyboll Lab. Berke Uriv. Bcrko. Ca•ik•d

Prof 0. U. Maclea. UDlv of N. Staffordshire., gols. Staffordehiro. Caoload
Prof 1. A. r. Stereo.n reculty of Mod, Uviofset-- oat. Lesdis. Oat. C•mada

Royal Air Fore* lost of Avietiom Nod. Atta: Dr. C. 0. Myfard. Faraborn•ah, Laglald

Royal Air Force lost ef AWiatio Ned. Atta• Lt. 3. C. Gaiqoard. Foraboreugh. Eoqlaod
Royal Society of Medialce Library. Leadde eaglmd

fiv of Western Wetll. MBd BSbeho. Alto: Dr. Allen C. 9uptoa, Loadea. (Ot. Caead,
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